Background: Promotion of a healthy lifestyle and non-pharmacological interventions in the treatment of chronic obstructive pulmonary disease (COPD) has received great attention in recent decades. The aim of this study was to investigate trends in leisure time physical activity (PA), smoking, alcohol consumption and body mass index 
Background
Physical activity (PA) is a recognized cornerstone in the treatment of patients with chronic obstructive pulmonary disease (COPD) [1] [2] [3] [4] . Whilst several studies have reported effects of physical training on physical capacity and quality of life in patients with COPD [3, 5] , results from studies on the effect of physical training on PA in patients with COPD are inconsistent [1, 6, 7] . Physical activity has the potential to prevent or delay onset of other chronic diseases, and indeed in patients with COPD, PA is associated with a relatively reduced risk of hospitalization and death [5, [8] [9] [10] [11] . The level of daily PA is, however, remarkably reduced in individuals with COPD compared to healthy individuals [12, 13] .
Whilst PA is an important element in the treatment of COPD, smoking cessation is crucial in the treatment and prevention of progression of the disease [4] . Furthermore, a relatively high amount of alcohol consumption and to some degree overweight and obesity is associated with an impaired health condition in patients with COPD as in the general population [14, 15] . Indeed physical inactivity, smoking, alcohol consumption and obesity are cardiovascular risk factors and associated with the onset of other chronic diseases including type 2 diabetes, hypertension and dyslipidaemia [10, 15] . Thus, general health campaigns and pulmonary rehabilitation programmes focus on PA, smoking cessation, a limited alcohol intake and a balanced caloric intake.
Whilst the mortality rate has remained unchanged in Danish patients with COPD with approximately 3,500 deaths in 2001 and 3,330 deaths in 2010, the hospital admissions related to COPD were reduced from 22,000 admission in 2001 to 16 ,000 in 2010 [14, 15] . The reduction in hospitalizations among patients with COPD may be the result of an improved pharmacological treatment, general health campaigns, pulmonary rehabilitation programmes and other non-pharmacologic treatments [1, 4] . It is however not known, whether the patients' level of PA, percentage of smokers, level of alcohol intake and body weight have changed during the above mentioned time frame.
The primary aim of this study was to investigate whether the level of leisure time PA changed in Danish adults with COPD in the period from 2000 to 2010. In addition, we investigated the trends of smoking, alcohol consumption and body mass index (BMI) during the same time frame. The data from participants with COPD are presented in parallel with data from a Danish population without reported COPD.
Methods
The data in the present study were provided by The Danish Health and Morbidity Surveys, National Institute of Public Health, University of Southern Denmark [16] .
The Danish Health and Morbidity Surveys are nationwide validated surveys conducted every 5 years with approximately 15,000 respondents aged 16 years or older. The survey samples are randomly drawn from the Danish population, registered in the Danish Civil Registration System. In this study, we included data from participants with a minimum age of 25 years from The Danish Health and Morbidity Surveys three cross-sectional analyses from 2000, 2005 and 2010. Data were collected from selfadministrated questionnaires and personal interviews in 2000 and 2005 (response rates 74.2 and 66.7 %, respectively), whereas data from 2010 were collected using selfadministrated questionnaires (response rate 59.5 %). Written informed consent for participation in the study was obtained from participants before conducting personal interview or self-administrated questionnaires. All data were self-reported and included age, gender, leisure time PA, smoking, alcohol consumption, BMI, level of education, marital status and COPD. Leisure time PA was categorised into four levels: inactive (sedentary leisure activities); moderate active (minimum 4 h of moderate activity weekly as walking, cycling etc.); medium active (minimum 4 h exercise training weekly); and high active (strenuous activity or exercise training several times a week). In order to stratify the participants into being 'inactive' or 'active', the three highest levels of leisure time PA ('moderate', 'medium' and 'high active') were combined into one level [17] . Smoking status was categorised as being current smoker or not. Alcohol consumption was evaluated using Danish national maximal recommendations and categorized as exceeding alcohol limits or not, respectively 7 alcoholic drinks within the past week for females, and 14 drinks for males. Level of education was categorised as: <10 years (~basic school); 10-12 years (~high school); and +13 years (~university). Body mass index (kg . m −2 ) was used to estimate body weight. Marital status was categorised and analysed as: "living alone", "living with partner or being married". Type of COPD (emphysema, chronic bronchitis and bronchiestasis), COPD severity (GOLD I, II, III, IIII) and classification (Group A, B, C and D) were not reported and data were analysed as participants with "COPD" and "non-COPD". The study was in accordance with the approval of the local ethical committee and the Danish Data Protection Agency.
Statistic
Statistical analyses were carried out using PASW® IBM SPSS Statistics 22. Unadjusted time changes in continuous data were analysed using one-way ANOVA, and in categorical data a Chi [2] test were used. Unadjusted differences between participants with and without COPD were analysed using Student's t-test and Chi [2] Estimates of changes in the categorical variables leisure time PA, smoking and alcohol consumption were tested using logistic regression analyses, and effects on the continuous variable BMI were tested using a linear model. All models were tested with and without two-way interactions between the time changes and the other independent variables to investigate whether the associations had interactions between time changes and e.g. gender or age. As there were no significant differences between models with and without interactions, these were not included in the results. Data are presented as the numbers and percentages, the mean ± standard deviation (SD), odds ratio (OR) and confidence interval (CI), or effect size and CI. All tests were two-tailed at a significance level of p ≤ 0.05.
Results
The characteristics of the participants are presented in Table 1 . The prevalence of COPD in the studied populations was 3.3 % in 2000, 3.7 % in 2005 and 5.2 % in 2010. The COPD participants were older compared to the non-COPD participants in the three analysed periods. Both groups consisted fewer males than females. The level of education and percentages of subjects, who were married or living with a partner increased from 2000 to 2010 in COPD as in non-COPD participants. The level of education and percentages of subjects who were married or living with partner were consistently lower in participants with COPD compared to the non-COPD participants.
Change in leisure time physical activity
The percentages of participants, who were physically active in their leisure time increased significantly from 2000 to 2010 in the COPD and in the non-COPD populations ( Table 1 ). The COPD participants were less engaged in leisure time PA compared with the non-COPD participants from 2000 to 2010.
In the adjusted regression analyses an increased level of PA was found to be associated with the Being physically active was negatively associated with smoking, increasing age and elevated BMI in both COPD and non-COPD participants. An elevated alcohol consumption was negatively associated with PA in the COPD participants (Table 2) . In all participants, being married or living with a partner, and elevated level of education was associated with being physically active. Gender was not associated with leisure time PA in the adjusted analysis (Table 2) .
Change in smoking habits
From 2000 to 2010 the percentages of smokers decreased in the COPD and the non-COPD participants ( Table 1 ). The COPD participants comprised relatively more current smokers compared with the non-COPD participants throughout the observed period.
The estimates of being a non-smoker are presented in Table 3 . There were associations between not smoking currently and the period from 2000 to 2010 in the COPD participants (OR 1.41 (95 % CI: 1.07-1.85)) and in the non-COPD participants (OR 1.73 (95 % CI: 1.63-1.85)). Being a non-smoker was found to be associated with increasing age, elevated BMI, being married or living with a partner and an elevated level of education, whereas nonsmoking was negatively associated with elevated alcohol consumption, physical inactivity and being male in COPD and non-COPD participants (Table 3) .
Change in alcohol consumption
The percentages of subjects, who exceeded the recommended alcohol limit, were unchanged from 2000 to 2010 in the participants with COPD, whereas a significant peak in 2005 was observed in the non-COPD participants (Table 1) .
In the adjusted analyses, not exceeding the alcohol limits was negatively associated with the period from 2000 to 2010 in COPD populations (OR 0.64 (95 % CI: 0.45-0.93)), whereas a reverse association was found in the non-COPD populations in from 2000 to 2010 (OR 1.19 (95 % CI: 1.09-1.29).
Being current smoker, being male and a higher level of education were negatively associated with not exceeding the alcohol limit in all participants. In addition, physical inactivity was negatively associated with not exceeding the alcohol limit in the non-COPD participants (Table 4) .
Change in body mass index
During the period from 2000 to 2010 BMI increased in the unadjusted analyses in all participants with the exception of females with COPD. The mean BMI were comparable between the COPD and non-COPD participants ( Table 1) .
The results from the adjusted analysis on the effects on BMI are presented in Table 5 . The period from 2000 In all participants, physical inactivity and being male was associated with an increase in BMI, whereas smoking was associated with a reduced BMI.
Discussion
The present study on participants with COPD suggests that the time frame from 2000 to 2010 was associated with greater odds of being physically active and being a non-smoker. Furthermore, the period from 2000 to 2010 was found to be associated with greater odds of exceeding the Danish recommended maximum alcohol intake and an elevated BMI among participants with COPD.
To our knowledge this is the first study to present an increased level of PA over a decade in national samples of participants with COPD. Similar findings of increases in PA in general population surveys have been reported in studies from Denmark, Sweden, Finland, England and Canada in recent decades [18] [19] [20] [21] [22] [23] [24] [25] . Individuals with COPD are significantly less physically active compared to healthy sex and age matched individuals, even in the mild stages of COPD [12, 13, 26] . Our study confirms this assumption, since a markedly greater percentage of the non-COPD participants reported to be moderate or highly active compared to the COPD samples. Thus, Danish persons with COPD remain less a physically active than those without COPD, and there are still a need to focus on this aspect in national and local treatment Data are presented as numbers (percentages) or the mean ± SD. Time changes in categorical data were compared using Chi [2] and time changes in continues data were compared using one-way ANOVA. Participants with COPD significantly different from participants without COPD tested using a Student's t-test for continuous data, and Chi [2] test for categorical data, *p < 0.05, **p < 0.01, and ***p < 0.001 strategies. However, the trend of an elevated level of PA over the covered decade was found to be more pronounced in COPD vs. non-COPD samples when the OR's are compared. Indeed the underlying reason to the presented increased leisure time PA is difficult to point out. We have two qualifying suggestions to contributing factors to the increased level of PA: First, our study finding may be the result of a national health campaign promotion of "30 min of PA per day" which began around the millennium in Denmark. Second, at the same point of time an increased effort in rehabilitation including PA to patients with chronic diseases treated in hospitals, municipalities and in general practitioners was prioritized politically. Indeed the above mentioned general and chronic disease specific focus on PA may be associated with an elevated level of PA in individuals with COPD. Another finding in our study suggests a socioeconomic impact on the participants' reported level of PA. The COPD participants with higher education and/or a Odds for not smoking currently. Multiple logistic regression analysis partner in a marriage or a relationship were more likely to be physically active. Furthermore, unhealthy lifestyle including smoking, exceeding alcohol limits and elevated BMI reduced the likelihood of being physically active. This could indicate that future national health campaigns that promote PA should target particularly lower socioeconomic population groups with i.e. COPD. The time frame was found to be associated with reduced smoking in COPD and non-COPD samples. One such positive trend may be the result of decades' information campaigns to the general population in a combination with recent year politics, which have forbidden smoking in a long list of public and private areas. Reduced smoking among subjects with COPD may not only affect the mortality rate positively in terms of a reduced risk, but reduced smoking may also prevent progressions of the COPD and reduce disease progressions and specific complications. Whilst the time trend in smoking was the same in samples with or without COPD, the time period from 2000 to 2010 was associated with elevated odds of exceeding the recommended maximum alcohol intake in samples with COPD, whereas the odds were reduced in non-COPD participants. We hypothesize that these different associations may be related to the participants' level of education. Recent Danish general health campaigns have not only focused on the benefits of PA and smoking cessation but also on a reduced alcohol intake. However, traditional health campaigns may have the most pronounced effect in individuals with a higher level of education. Thus, as a result of the reduced educational level in participants with COPD compared to those without COPD, a reduction in the alcohol intake may primarily be found in the higher educated non-COPD samples in the covered decade. The association between the time period from 2000 to 2010 and the elevated BMI was found in COPD and in non-COPD participants. It is likely that an elevated BMI is preferable in underweight individuals with COPD. However, in this study~20 % of the participants with COPD were in 2010 found to be obese, a finding that needs attention in clinical practice as obesity is associated with other chronic diseases including type 2 diabetes, hypertension and dyslipidemia. The present positive time trend in elevated level of PA and reduced smoking in individuals with COPD may have important clinical implications. An increased level of PA and reduced smoking are associated with reduced morbidity and mortality [4, 10, 11, [27] [28] [29] [30] . Thus, if the mortality rate in Danish COPD samples will decrease after the 2010 it may be associated with elevated level of PA and reduced smoking. On the other hand, an impact on the mortality rate may also be associated negatively with the reported greater alcohol intake and obesity. Another positive effect of the increase in PA could be an improvement in physical function. Many patients with COPD may have a reduced physical function related to daily activities as a result of reduced PA and reduced muscle strength. The patients' muscle strength may be reduced by muscle atrophy caused by elevated levels of TNF-α and other cytokines and physical inactivity. The importance of the prevention of loss of physical functions is very important now and in the future with the increasing number of older persons all over the world.
The present study had several strengths. The data were collected from a nationally representative survey to monitor status and development in health related behavior in Denmark, and the COPD prevalence was stable over time and corresponds to national reported data ranging from 4-6 % in the analyzed time period [14] . Furthermore, the observed changes covered a period of a whole decade. On the other hand, the study has some important methodological limitations due to the nature of the protocol. The results may be biased due to the absence of data from non-responders and a reduced response rate in 2010 compared to the two earlier cohorts, which may have resulted in analyses of selected samples without being representative. Another important limitation in the study is that COPD severity not was reported by the participants. Finally, self-reported data used as a measure of change in PA, smoking, alcohol habits and BMI do not have the same validity as data obtained during directly measurements or observations. However, this is often not feasible in nationwide representative surveys due to extensive cost.
Conclusion
In conclusion, this study found that the time frame from 2000 to 2010 was associated with an elevated level of leisure time PA and reduced smoking in Danish participants with and without COPD included in three nationwide surveys. The positive trends in self-reported PA and smoking habits may have important clinical implications in terms of reduced morbidity and mortality. Whilst the time trend was associated with more participants with COPD who exceeded the recommended national maximum of alcohol intake, the time trend was associated with a reduced alcohol intake in participants without COPD. The positive trend in elevated level of PA and reduced smoking may be the result of national general health campaigns and COPD specific rehabilitation programs.
Abbreviations BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; OR, odds ratio; PA, physical activity; SD, standard deviation
